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AHHOTAIUA

MOHHTOPHHT TOCHEACTBUN TNPUPOAHBIX IOXKAPOB HEOOXOMUM sl (DOPMHPOBAHMS ITOAXOAOB 3AIUTHI
OKpYXarolleH Cpebl, COXpaHEHHs CTaOMIIBHOCTH SKOCHCTEM. V3yueHne Kak MOCTIHPOTreHHBIX, TaK M MPHIIETAIOMNX K
HHUM Y4aCTKOB MO3BOJISIET CPAaBHUBATH YPOBHH a3POr€HHOT0 3arpsi3HEHUS M IPOTHO3UPOBATH CKOPOCTh BOCCTAHOBIICHNUS
HapylIeHHbIX TeppuTopuil. OCOOEHHO KOHTPAaCTHO AWCOAaNaHC AJIEMEHTOB BBIABISIETCS HAa BEPXOBBIX 00JOTaX C
MIPEUMYIIECTBEHHO aTMOC(EpPHBIM ITMTAaHUEM B YCIOBHAX AeduimTa OonbmMHCTBA 31eMeHTOB. OOBeKTaMu Juis
MOHHUTOPHHIA IIOCICICTBUH NOXapa IOCIY)KWIN TpU OOJOTHBIX MAacCHBa, pPAaclOJIOXKEHHbIE B Ta&KHOH U
JIECOTYHAPOBOW 30HaX. B mpencraBieHHOW paboTe MPOM3BOJUTCS OLEHKA M3MEHEHHUs JIEMEHTHOTO cocTaBa Topda
BBITOPEBIINX W IPWIETAIOMMX K HUM Oonor crmycts 6-8 jer mocne moxapa. VIcHomp30BaHBl CpaBHHUTEIBHO-
reorpadyeckuii, OMOTCOXMMHYECKUH W aHAIWTHYECKHH METOABL. OJIEMEHTHBIH COCTaB pacTeHHWi, Topda u
MOACTHIIAIONIEH MOPOABI ONpeneléH METOJOM Macc-CHeKTPOMETpHH. B pesympTare MBI BBIICHWIH, YTO B TOpde
WCCIIEJOBAaHHBIX YYaCTKOB IPOHMCXOMAT MPOIECCHl KaK HAaKOIUICHWS, TAaK M BBIIIETAUYMBAHUS JIEMEHTOB, XapaKTepHbIC
JUI TIOCTITUPOTeHHBIX OosorT. OOHapyXeHo, 4To Ha OO0JO0Tax, PACIOIOKEHHBIX B JIECOTYHAPE, IO CPaBHEHHIO C
o0BbekTaMu B Ta&XHOM 30HE B Ba W Oonee paza Hmke comepxkanue P, Mg, Ca, Mn, Fe, Zn, Pb u B Tpu pasa Hmxke
cogepkanre Cu B moxactwiaromeid Topd mopoxae. KoahpuimenTsr KOHIEHTpAMy Colep KaHus 3JIEMEHTOB B Topde
OTHOCHTEJIFHO MOACTHIIAIONIEH MOpOABl 0ojee BHICOKHE B 30HE JIECOTYHJIpPHI M MpeBbmaioT 1 ams snemenrtos P, Ca,
Mn, Zn u Cd.

Kniouesvie cnosa: BepxoBoe O00J0TO, 3JIEMEHTHBIA COCTaB, MOACTHIAIOIIAs IIopona, Topd, NUPOreHHas
Tparchopmarys, Ko3HOUIMEHT KOHIICHTPAIIHH.

ABSTRACT

Wildfires have profound impacts on biodiversity, greenhouse gas emissions and other environmental
components [Gajendiran et al., 2024; Li et al., 2025]. Bogs, as peat deposits, are particularly vulnerable to fire [Rybina
et al., 2015]. The areas most frequently affected are those disturbed by human activity, and in such mires the area
affected by fire reaches several square kilometers [Sinyutkina et al., 2024]. Fires lead to complex physical and
biogeochemical transformations that affect all components of the ecosystem [Granged et al., 2011]. When exposed to
high temperatures and burning of organic material during a fire in a mire, a charred layer is formed in place of the
vegetation cover, which leads to an increase in the hydrophobicity of the peat and an increase in the level of runoff
[Leonard et al., 2017; Wu et al., 2020]. All the main processes of change in the chemical composition of the peat
deposit in response to the impact on the mire are most indicative in the high peat layer [Stepanova, Pokrovsky, 2011].
The transformation of the main processes of leaching and accumulation of elements occurs in the upper layer of peat
[Dymov et al., 2022; Gashkova, 2022]. Atmospheric and hydrological transfer of elements during a fire occurs
intensively therefore changes affect not only the burned sites but the impact of the fire also affects adjacent territories
[Kala, 2023; Kuzmina et al., 2022; Ortiz-Rodriguez et al., 2019]. Biogeochemical parameters of the ecosystem are
restored over a long period [Belkova et al., 2016]. Therefore, the processes of change in the chemical composition of
the peat deposit occur continuously over many years. In the first years after a fire, the concentration of most elements
and the pH of the soil increase during the process of restoring acidity and vegetation cover, the ratio of elements
continues to change [Stavrova et al., 2019]. The most indicative change in the elemental composition of peat is tracked
through the ratio of the element content in peat to its content in the underlying rock [Efremova et al., 2003]. This article
presents the results of monitoring the elemental composition of peat and underlying rock in raised bogs 6-8 years after a
fire.

The objects of the study were mires located on the West Siberian Plain. We explored three mires. Two mires
are located in the taiga zone, in the interfluve of the Bakchar and Iksa rivers (areas BB and BF), and on the terrace of
the Bakchar river (UBB and UBF). The third mire (palsa) is located in the forest-tundra zone, between the Pur and
Nadym rivers (PB u PF). The fire in the BF and PF sites occurred in 2016, and in the UBF site in 2014. We conducted
research from 2022 to 2024, in the burned sites and in sites immediately adjacent to the burned sites, but not disturbed
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by fire. Before the fire, both sites from each of the bogs were similar in vegetation, depth, and peat deposit structure.
We previously published a detailed description of the studied bogs [Sinyutkina et al., 2024]. In each of the 10m? test
plots, we collected samples of plants (Chamaedaphne calyculata (L.) Moench), peat from the root zone and the rock
underlying the peat. In the palsa between the Pur and Nadym rivers, we measured the depth of frozen rocks. We
analyzed the selected samples for botanical composition and element content: Na, Mg, P, K, Ca, Mn, Fe, Cu, Zn, Cd u
Pb mass spectrometric method (ICP-MS) at the “Plasma” chemical-analytical center (PerkinElmer, CIIIA). Sample
preparation was performed using a Speedwave microwave digestion method (Berghof, Germany) after preliminary acid
digestion. To interpret the data, we calculated concentration coefficients (KK) — the ratio of the element's concentration
in the topsoil to its concentration in the underlying rock. We processed the data using Microsoft Excel.

This work is part of a comprehensive monitoring of post-pyrogenic restoration of bogs, conducted since 2017.
Between 2022 and 2024, some changes in the content of elements were identified in both post-pyrogenic and adjacent
sites.

The underlying rock in the studied areas varies in granulometric composition. In the palsa sandy deposits

characteristic of this area lie beneath the peat layer [Voronova, Grebenyuk, 2018]. In sites of bogs in the taiga zone,
blue-gray gleyed loams typical of organogenic acidic soils [Karavaeva, 1978, p. 71-74] represent the underlying rocks.
The depth of the frozen layer on the palsa varied between 40 and 60cm. The content of elements in the underlying rock
varies slightly; no changes in the concentration of elements were noted over three years of observation. No differences
were found between samples from burnt and pristine sites within the same mire. In addition, the content of K and Na
does not differ significantly across all sites. At the same time, in the mire between the Pur and Nadym rivers, the
content of elements P, Mg, Ca, Mn, Fe, Cu, Zn and Pb is significantly lower than in other mires (Table 1).
Comparing the KK in post-pyrogenic and adjacent sites it was found that in most post-pyrogenic sites, compared to
unburned sites, the KK of the elements Ca, Fe, Cu, Zn and Pb was increased. However, in most sites the KK does not
reach 1. The exception is the sites of the palsa, where KK>1 was found for the elements P, Ca, Mn, Zn and Cd (Table
1).

The peat deposit in the areas of the palsa was 50-75 cm in the botanical composition, Sphagnum balticum
(Russ.) Russ.ex C.Jens. co-dominated together with Sph. fuscum (Schimp.) H.Klinggr. In areas in the taiga zone, the
thickness of the peat deposit varied from 250 to 300 cm; the top layer of the deposit (0-20 c¢cm) at all points was
represented by high-moor sphagnum fuscum peat with a small admixture of shrubs and cotton grass. We compared the
elemental composition of peat collected over three years and found changes in the concentration of some of the
elements examined. To determine trends in element content over time, a linear approximation method was used. A trend
with an approximation coefficient greater than 0.8 was considered significant. In the root-inhabited peat layer in all
post-pyrogenic sites from 2022 to 2024, a trend towards an increase in the concentration of Mg, K, Mn and Ca and a
decrease in the concentration of Na, Zn, Pb and Cd is observed (Figure 1).

In sites located adjacent to burnt areas from 2022 to 2024, no increase in the content of elements was observed
in the upper peat layer, but a trend towards a decrease in the content of Zn, Pb and Cd was recorded (Figure 2).

The vegetation cover in sites located adjacent to burnt areas did not change after the fire; in post-pyrogenic
sites, restoration of the vegetation cover began already in the first year after the fire with the active restoration of the
shrub layer. [Sinyutkina et al., 2024]. In all studied sites, Chamaedaphne calyculata had fully recovered to its pre-fire
abundance by 2022. Therefore, during the period considered in this article, the dwarf shrubs made a major contribution
to the change in the chemical composition of the upper part of the peat deposit. As in peat, a downward trend in Na, Zn,
Pb, and Cd content was observed in all sites from 2022 to 2024, and the concentration of Fe and Cu in leaves decreased.
In post-pyrogenic sites, as in peat, an increase in the concentration of K, Mg, Ca, and Mn was observed over the three
years (Figure 3).

In sites of bogs not affected by fire, but located next to burnt ones, no increase in the concentration of elements
in the leaves of Ch. calyculata was observed, but, as in peat, an increase in the concentration of K, Mg, Ca and Mn was
found (Figure 4).

The change in the elemental composition of the upper peat layer that we discovered during the restoration of
the bog is natural, since the upper part of the peat deposit reacts most sensitively to the post-pyrogenic transformation of
the bog, which was noted earlier [Stepanova, Pokrovsky, 2011; Dymov et al., 2022]. Post-pyrogenic decrease in the
concentration of Zn, Pb and Cd over three years indicates a gradual leaching of elements mineralized and condensed
from smoke particles during the fire [Gray, Dighton, 2006; Alves et al., 2010]. This reduction occurs because the acidity
of the peat, which decreased after the fire, begins to increase in subsequent years during the process of bog restoration,
increasing the mobility of heavy metals [Lipatov et al., 2016; Colin et al., 2024]. When studying the soils of the
interfluve of the Pur and Nadym rivers, researchers noted a lower content of elements compared to the taiga zone
[Romanenko et al., 2020], which we also noted, in particular, as a lower content of P, Mg, Ca, Mn, Fe, Cu, Zn and Pb in
the underlying rock in sites in the forest-tundra.

The content of elements in peat is directly related to the chemical composition of plants, the litter of which
begins to influence the biogeochemical situation in post-pyrogenic areas, due to the rapid restoration of the shrub layer,
which began already in the first year after the fire [Sinyutkina, Gashkova, 2025]. In the leaves of plants in post-
pyrogenic areas, as well as in peat, over the course of three years, we found an accumulation of the elements Mg, K, Mn
and Ca, which, as noted (Stavrova et al., 2019), are actively absorbed by plants from ash in the first years after a fire. In
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addition, ash and charred remains continue to enter the soil for several years after the fire, as a result of the destruction
of the charred forest stand [Ukraintsev et al., 2016].

The high levels of CC that we noted for all forest-tundra areas are explained by both the low levels of elements
in the underlying rock, which are characteristic of this region [Romanenko et al., 2020], and airborne pollution
associated with the activities of oil and gas production enterprises, which affects the elemental composition of peat
[Voronova, Grebenyuk, 2018]. The higher KK of the elements Ca, Fe, Cu, Zn and Pb in post-pyrogenic areas, compared
to unburned ones, indicates that the process of restoring the elemental composition of peat has not yet ended; according
to some authors, such a process can drag on for several decades [Leonard et al., 2017; Mergelov, 2015].

In the upper layer of peat, 6-8 years after the fire, in post-pyrogenic and adjacent areas, processes of restoration
of the elemental composition continue to occur. The most noticeable changes are reflected in the fact that over the
course of three years, the concentrations of Zn, Pb and Cd have gradually decreased both in post-pyrogenic sites and in
adjacent sites. Concentration coefficients show the residual impact of post-pyrogenic changes and the specific
characteristics of certain sites. Regional characteristics are expressed in the low element content in the underlying rock
of bogs located in the forest-tundra zone compared to those in the taiga zone.

Keywords: raised bog, elemental composition, underlying rock, peat, pyrogenic transformation, concentration
coefficient.

HCHO.]'II)SyeMbIe COKpaleHus

BB — HeHapymieHHBIN ydacTok 000Ta B MexXaypeube bakdyapa u Mkcer;
BF — nmoctnmporeHHsIid yaactok 6010Ta B Mexxaypeube bakdapa u Ukcer;

UBB — HeHapymeHHBII y4acTok 6onota Ha Teppace p. bakuap;

UBF — mocTnmporenHslii yuactok 0onoTa Ha Teppace p. bakuap;

PB — nenapymeHHbIH yaacTok Oonora B Mexxaypeuse [lypa u Hampima;
PF — moctnmporennslii yuactok 6oora B Mexxaypeuse [lypa u Hampima;
SD — cranmaprroe orkionenue (standard deviation);

KK — ko3¢ punmeHT KOHIIEHTpaIHH.

BBE/JIEHUE

[IpupoaHsie noXapbl KOPEHHBIM 00pa30M BIUSIOT Ha OMOpa3HO00pasre, BHIOPOCH MapHUKOBBIX I'a30B
U Jpyrue KOMIOHEHTHI OKpy»xatoreid cpensl [Gajendiran et al., 2024; Li et al., 2025]. Ioxapsl Ha GomoTax
0COOCHHO OMAaCHBI U3-3a BEPOSTHOCTU Bo3ropanus Topda [Rybina et al., 2015]. Haubonee yacto crpamarot
TEpPUTOPHH, HAPYILIEHHBIE B PE3yJAbTaTe ACATEIBHOCTH YENOBEKa, MPUYEeM Ha TakuX O0JIoTax IJIOMmajb
MOPa)KEHHBIX OTHEM YYaCTKOB JIOCTHTaeT HECKOJIbKMX KBaApaTHBIX KumioMeTpoB [Sinyutkina et al., 2024].
[Toxape!l IPUBOAAT K CIOKHOW (U3NUECKOH U OMOreOXMMHUYECKON TpaHC(OpMaLMy, 3aTparuBaloleil Bce
KOMITOHEHTB! 3KocucTembl [Granged et al., 2011]. B pe3ynbpraTte BO3AEHCTBHS BBICOKHX TEMIEpATyp H
BBITOpPaHUsI OPraHMYECKOr0 MaTepuaita Mpu Hoxape Ha Oonore oOpa3yercst OOYTJICHHBIA CIIOW Ha MecTe
PacTUTEIBHOTO TOKPOBA, YTO MPHUBOIUT K YBEIWYCHHUIO THAPOPOOHOCTH Topda M IMOBBILCHHIO YPOBHS
croka [Leonard et al., 2017; Wu et al., 2020]. Bce ocHOBHBIC MPOIIECCH H3MEHEHHSI XUMHYECKOTO COCTaBa
TOpQSHOH 3aNeKu KaK OTBETHAs Peakiys BO3ACHCTBHS Ha OOJIOTO CHIIbHEE MPOSIBIIIOTCS B BEPXHEM CIIOE
Topda [Stepanova, Pokrovsky, 2011]. Bepxuuii croii Topda Oomnbie Bcero tpancopmMupyercst BO Bpems
noXxapa, B HEM IPOHCXOIIT OCHOBHBIE IIPOLIECCHI BBILIENAYMBAHMS U HAKOIUIEHHUA 31eMenToB [Dymov et al.,
2022; Gashkova, 2022]. AtMocepHBIi U THAPOIOTHUECKUI MEPEHOC HIEMEHTOB MPH MOXKape MPOUCXOTUT
MHTEHCHBHO, N3MEHEHUS 3aTParuBaloT HE TOJIBKO BRITOPEBINE YUACTKH, BIUSIHUE MOKApa CKa3bIBAaeTCA U Ha
compenenbubix Teppuropusx [Kala, 2023; Kuzmina et al., 2022; Ortiz-Rodriguez et al., 2019].
BoccranoBnenue OHMOreoOXMMHUYECKUX MapaMeTpPoB SKOCHCTEMBI MPOUCXOAUT HA MPOTSLKEHUM MHOTUX JIET
[Belkova et al., 2016], moaToMy mporiecchl H3MEHEHHSI XUMUYECKOT0 COCTaBa B TOP(SHOM 3a5IeH MPOXOISAT
HenpepbIBHO. B mepBbie ToIbI ocie nmokapa yBEITUUINBaeTCs KOHIIEHTpaIHsl OOJIbIIMHCTBA JIEMEHTOB U pH
MIOYBBI, B MPOLIECCE BOCCTAHOBJICHMS KHUCIOTHOCTH M PACTUTEIBHOTO MOKPOBAa COOTHOLIEHHE JJIEMEHTOB
MpoAOIDKaeT u3MeHsThes [Stavrova et al., 2019]. HauGonee nokazaTenbHO U3MEHEHUE 3JIEMEHTHOTO COCTaBa
Topda OTCIEKHBACTCA YEpe3 OTHOLICHHWE CONEpKaHMSA DdJIeMEHTa B Topde K €ro COIEpXKaHHIO B
nmonctunatomied mopoge [Efremova et al., 2003]. Ilenpfo naHHOTO HCCIIEMOBAaHHS CTaJIO OIpPENEIeHUE
CTENICHH BOCCTAHOBJICHHS 3JIEMEHTHOI'O COCTaBa OCHOBHBIX KOMIIOHEHTOB BEPXOBBIX OOJIOT cmycTs 6-8 jer
nocie noxapa. i NOCTHXKEHHMS LeNu WCCIeJOBaHUs CTAaBWIMCH CIENYIOLIMe 3aJadyd: 0TOOp mpod u
XMUMUYECKUI aHaJIn3 MOACTHIIAIOIIEH TOpOoAbl, Topda U pacTEeHUH B TedeHHe 3 JIET; CPaBHEHUE 3JIEMEHTHOTO
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COCTaBa OTOOPaHHBIX OOPA3IIOB; OMPEACICHNUE TPEHIOB U3MEHEHUS XUMHUECKOI'0 COCTaBa MCCIICTOBAHHBIX
KOMIIOHEHTOB OOJIOT.

OBBEKTBI 1 METObI

OObeKTaMu HCCIIEHOBaHMUS CTalld BEpXOBble O0NOTa, pacrnojokeHHble Ha 3anaaHo-Cubupckoit
paBHuHE. PaccmoTpens! Tpu 00i0THBIX MaccuBa. JIBa 00noTa HaxoAATCS B Ta&KHOW 30HE, B MEXIypedbe
Bbakuapa u Ukcel (yuactku BB u BF) u na teppace p. bakuap (UBB u UBF). Tperse, mnockoOyrpucroe
00510TO, PacloNoXKEeHO B JECOTYHIPOBOH 30He, B Mexaypeuse Ilypa m Hageima (PB u PF). Iloxap na
yuactkax BF u PF mpousomén B 2016 r., a Ha yuactke UBF — B 2014 r. UccnenoBanus npooaunuce ¢ 2022
no 2024 r. Ha BBHIOPEBUIMX YYacTKaxX W Ha HEMOCPEACTBEHHO NPWIETAlOIINX K BBITOPEBLIMM, HO
HEHapyIIEHHBIX yJacTkax. J{o moxkapa mapbl y4acTKOB € Ka)I0ro U3 OOJOTHBIX MAaCCHBOB OBUIM CXOTHBI MO
PacTUTENBHOCTH, TIYOUHE U CTPOCHUIO TOPQHOI 3anexu. MomHocTs TophsiHON 3amexu Koaedercs oT 50
10 300 cm, Beiropemero ciost — ot 0 10 2 cM. PacTUTENnbHBIN MOKPOB Ha MPUIIETAIONIMX K BBITOPEBIINM
y4acTKax IOclie MoXKapa He U3MEHMJICA, Ha MOCTHHPOrEHHBIX yJYacTKaX BOCCTAHOBJIEHHE PACTUTEIBLHOTO
MOKPOBa HAYAJIOCh YK€ B MEPBBIN IO MOCIE MOKapa ¢ aKTUBHOT'O BO30OHOBIICHHSI KYCTaPHUYKOBOTO sipyca.
B kycrapHHuKOBOM sipyce Kakaoro ydvactka npucyrctByer Chamaedaphne calyculata (L.) Moench, eé
JUCThSl BHOCAT HaWOONBIIMK BKJIAJ B cocTaB omana. boiee moapoOHOe omucaHHe MCCIETOBAaHHBIX OOJOT
omy61MKoBaHO HaMu paHee [Sinyutkina et al., 2024]. Ha kax/0ii 13 HpoGHBIX ILIOMANOK pa3mepoM 10 M
otobpanbl mpoosr pactenuii (Ch. calyculata), ropda u3 nprkopreBoii 30HbI (B mpenenax 0-20 cM) U mopobl,
noncTunatomiei Topd. OrodpanHbIe 00pa3bl aHATM3UPOBAIKCH Ha OoTaHu4eckuit cocta IO ['OCT 28245-
89 u comepxanue anmementoB: Na, Mg, P, K, Ca, Mn, Fe, Cu, Zn, Cd u Pb macc-cnekTpomeTpruiyeckum
merogom (ICP-MS) [Hall, 1992] B xumuxo-anammtuueckoM Ientpe «Ilmasma» (PerkinElmer, CIIA).
[IpoOomoaroToBka OCYyLIECTBISIaCh METOIOM MHKPOBONHOBOrO pasiokeHus Speedwave (Berghof,
Iepmanus). s uHTEpnpeTanuy NAaHHBIX IOCYUTaHB KOI((QUIMEHTHl KOHIEHTPALUH — OTHOIICHUE
KOHLIGHTpALMM DJIeMEHTa B BEpXHEM cioe Topda K €ro KOHLEHTPAaUuH B MOACTUJIAIOLICH IOpOIe.
[Tony4ennsie nannbie 00padoTansl npu nomoum Microsoft Excel u Statsoft Statistica. CpaBHeHne BEIOOPOK
U ONpeAeNeHUE 3HAYMMOCTH Pa3IMyii IPOBOANIOCH ITPH IOMOIIN HellapaMeTpruecKoro Kpurepus Manua —
Yutau (p<0.05). [ns onpeneneHus TpPeHAOB U3MEHEHHS COAEP>KAaHUS SJIEMEHTOB BO BPEMEHH MPUMEHSIICS
METO/ JIMHEWHOW anmpoKCHMAalMH. YUHUTBIBAas KOPOTKUNH MCCIIEAYyEeMbI TEpHON, 3HAYHUMBIMU MBI
IPUHIMAIH TOIBKO TPEH/EI, K03 uiuenT annpokcumaruu (R?) koTopsix Gbin Beime 0.5.

PE3VYJIBTATBI

Jannast pabota sSBISETCS YaCThIO KOMILIEKCHOTO MOHHUTOPHHTA MOCTIMPOT€HHOTO BOCCTAHOBJICHHUS
6onot, mpoBogumoro ¢ 2017 roma. B mepuon ¢ 2022 mo 2024 ron BBISBICHBI HEKOTOpPBIE W3MEHEHUS
COZIep>KaHMS DJIEMEHTOB KaK Ha MOCTIHPOT€HHBIX, TaK U HA MPUJICTAIONINX K HUM y4acTKaxX.

[Topcrunaromas nopoja Ha UCCIEIOBAHHBIX YYaCTKaX BapbUpPYET MO IPaHyIOMETPUUECKOMY COCTaBY.
Ha mutockoOyrpuctom 6omote mof cioeM Topda 3aneraoT necuanble OTIOKEHHS, XapaKTepHbIe U TaHHOH
tepputopun (Voronova, Grebenyuk, 2018). Ha ygactkax 60oT B Ta&KHOW 30HE MOACTHIIAIONINE TTOPOIBI
MPEACTABICHbl CU3BIMU OIJICEHHBIMU CYIJIMHKaMH, TUOUYHBIMA JJI1 OPTraHOT€HHBIX KHCJBIX IOYB
[Karavaeva, 1978, c. 71-74]. ConepskaHue JIEMEHTOB B IMOJCTHIIAIONICH TIOPO/IC BAPbUPYET HE3HAUUTEIHHO,
Y Ha TMPOTSHKEHUH TPEX JIeT HAOIIOJCHUI M3MEHEHHWI KOHI[EHTPAIlMU AJIEMEHTOB HE OTMedeHO. Pazmmumit
MEXIy MpoOaMu MOJCTHIIAONICH MTOPOJIBI C BHITOPEBIINX M HEHAPYIIEHHBIX YYaCTKOB B MpeieiaX OIHOTO
0onmoTHOrO0 MaccuBa Takxke He oOHapykeHo. Kpome toro, conepxkanue K u Na nocroBepHo He pasnudaercs
Ha BCEX ydJacTkax. B To xe BpeMs Ha OOIIOTHOM MaccuBe B Mexnaypeube llypa m Hagpima comepkaHue
anemenToB P, Mg, Ca, Mn, Fe, Cu, Zn u Pb 3HaunMo HIke, yeM Ha octanbHbIX OonoTtax (Tabm. I11).

[Ipu cpaBHeHMH KO3(PPUIMEHTOB KOHIIEHTPAIMH OOHAPYKEHO, YTO HAa BCEX IOCTIHPOTESHHBIX
ydacTkax [0 CPaBHEHHUIO C HeBbiropeBinnmu moBbimieH KK smemenroB Fe, Mn u Pb. Oanako Ha
OonpmHCTBE yuacTkoB Tad&kHOU 30HEI KK He mocturaer 1. Uckmouenue coctasisitor KK Cd Ha yuactke
BF, KK Mn u Pb na ygactke UBF, Ha miockobyrpucrom 6omore KK>1 mis snementos P, Ca, Mn, Zn u Cd
(Tabmn. I11, Puc. 1).
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Puc. 1. KoapumenTs! KOHLIEHTpaUny 3J1eMEHTOB (TOpd/moacTuIaromas nopoaa)
BB — HeHapymeHHBII y9acToOK OonoTa B Mexkaypeube bakuapa u MKcHr,
BF — mocrmmporennsiii yaactok 6omora B Mexxaypeube bakuapa u VKcHr,
UBB - HenapymieHHBIH y9acTok 60onora Ha Teppace p. bakgap;

UBF — noctrmporenHslii yaacTok 0oioTta Ha Teppace p. bakdap;

PB — HenapymeHHBIH yaacTok 6onoTta B Mexaypeuse [lypa u Hagpima;
PF — moctmuporennsiii yaactok 6omorta B Mmexaypedse [lypa u Hagpima.
Fig. 1. Element concentration ratios (peat/underlying rock)

BB - pristine mire site on the Bakchar and Iksa interfluve;

BF — post-pyrogenic mire site on the Bakchar and Iksa interfluve;

UBB - pristine mire site on the river Bakchar terrace;

UBF — post-pyrogenic mire site on the river Bakchar terrace;

PB — pristine mire site on the Pur and Nadym interfluve;

PF — post-pyrogenic mire site on the Pur and Nadym interfluve.

B OoranmueckoM cocraBe BepxHero ciog (0-20 cm) TopdsHON 3aleKu Ha BCEX HCCIEIOBaHHBIX
ydactkax gomuuupyer Sphagnum fuscum (Schimp.) H.Klinggr. Ha yuactkax rmiockoOyrpuctoro 6omora
npucytcerByer npumechk Sph. balticum (Russ.) Russ.ex C.Jens. Ha y4acTkax B Ta&KHOI 30HE 100ABISIOTCS
OCTAaTKH KyCTapPHUYKOB M IYLIHIIBL.

B snemeHTHOM cocTaBe BepxHeEro cijosi Ttopda cmycTs 6-8 JeT mocie mokapa Ha KaXAOM M3
uccleoBaHHBIX Oonor cpennee conepkanue Na, Ca, Mn u Pb Ha mocTHHpOreHHBIX y4acTKax BBIIIE MO
cpaBHeHuto ¢ HeBbiropeBmnmHy (Tabm. 112). Ho Hanbosee KOHTpacTHBIE pa3nndus OTMEUYCHBI Ha Teppace p.
Bbakgap mexny ydactrkamu UBB u UBF B cootHomenun conepxkanus Na (Ha UBF koHImeHTparus Boliie B
1.8 paza), Mn (na UBF konnenTparus Boimie B 3 pasa), Zn (na UBF koHmerTparus Beimie B 2 paza) u Pb (Ha
UBF konuentpanus Bbime B 3.3 pasa). ComocTaBisisi 3JIEMEHTHBIH cocTaB Topda MOCTHHUPOrEHHOTO U
MPUJIETAIOIIETO K HEMY YYacTKOB Ha KaXKIOM M3 OOJIOTHBIX MAacCHBOB, MOKHO HPEANOJIOXKHTH, YTO Ha
Oomore, paclolOXEHHOM Ha Teppace p. bakdap, mporeccel BOCCTAaHOBJIEHHUS OajnaHca »3JIEMEHTOB
MPOUCXOAAT OoJee MEUIEHHO, YeM Ha OCTAJIbHBIX MCCIEIOBAaHHBIX OOJNIOTHBIX MaccuBax. JlanHoe 00moTO, B
OTJINYHME OT OCTaJbHBIX HCCICAOBAHHBIX OOBEKTOB, PACHOIOKEHO PAIOM C HACENEHHBIMU ITYHKTaMH H
UCTIBITHIBACT TOCTOSIHHYIO AHTPOINOICHHYIO HAarpys3Ky, 4YTO MOXET 3aTpyAHSATh MPOLECCHl  €ro
BOCCTaHOBJICHUSL.

Ha mocTnuporeHHBIX ydacTKax B pe3ylbTaTe CpaBHEHHs 3JIEMEHTHOTO cocTaBa Topda Mo rojaM B
TeueHne TPEX JIeT OOHAPYKWINCh U3MEHEHHsI KOHLEHTPAMU HEKOTOPBIX 3JIEMEHTOB. B KopHeoOuTaeMoM
cioe Topda Ha BceX MOCTIHPOTreHHBIX ywacTkax ¢ 2022 mo 2024 ron orMedaercs TPEHI Ha yBeIHUCHHE
koHueHtpaimu Mg, K, Mn u Ca u Ha ymeHblienue konuentpauuu Na, Zn, Pb u Cd (Puc. 2). Ha pucynke
MPUBEACHBI IPapUKH TOIBKO ISl SIIEMEHTOB € JOCTOBEPHBIMHU TPEHAAMH aIPOKCHMAIIHH.
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Puc. 2. Tpenapl U3MEHEHHS KOHLEHTPALMH JIEMEHTOB B Topde (MI/Kr) 3a 3 roga Ha MOCTIUPOTEHHBIX
ydacCTKax
Fig. 2. Trends in changes in the concentration of elements in peat (mg/kg) over 3 years in post-pyrogenic sites

Ha yuvactkax, mpuieraiomux K BoiropeBmmM, ¢ 2022 mo 2024 rox B BepxHeM cioe Topda He

HAOJIOIATIOCh YBEINYCHHUS COJACPKAHUS SJIEMEHTOB, HO 3a(MKCUPOBAH TPEHJ HA YMEHBIICHHE COACPKAHUS
Zn, Pb u Cd (Puc. 3).
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Puc. 3. Tpenapl W3MEHEHHS KOHIGHTPALlMM 3JIEeMEHTOB B Topde (MI/Kr) 3a 3 roga Ha ydacTKax,
MpUJICralOKrX K BHIT'OPCBIINM

Fig. 3. Trends in changes in the concentration of elements in peat (mg/kg) over three years in sites adjacent to
burnt areas

Ha Bcex nccnenoBannbix yuactkax Chamaedaphne calyculata k 2022 roay moiHOCThIO BOCCTAHOBHIIA
obunme, xoropoe Habmonanock no noxapa. [losTomy B mepuon, paccMaTpuBaeMblii B JTAHHOW CTaThe,
WMEHHO KYCTapHMYKM BHECTH OONBIION BKJIal B H3MEHEHHWE XHMHYECKOI'O COCTaBa BEpXHEH dYacTu
TopdsHoii 3anexu. Kak u B Topde, Ha Bcex paccMoTpeHHbIX yyacTkax ¢ 2022 mo 2024 ron Habmromaercs
TpEeHJ Ha CHUXKeHHe conepxkanus Na, Zn, Pb u Cd, a kpome TOro, B IMCTBAX CHHKaeTcsl KoHUeHTpauus Cu.
Ha moctnuporeHHbIXx yyacTkax Kak B Topde, Tak M B JIMCTBAX B TeUeHUE TPEX JieT Halmromaercss poct
konueHtpamu K, Mg, Ca u Mn (Puc. 4). Ilpu cpaBHeHMH TONAapHO MOCTHHPOTCHHBIX M HEBBITOPEBIINX
YYacTKOB IO COJEPIKaHUIO A1eMeHTOB B JuCThsax Ch. calyculata oGHapyXuiioch, 4To Ha MOCTIHPOTrEHHBIX
ydacTkax Habmromaercst Oonee Bricokas koHIeHTparus Zn u Cd (Ta6m. I13).

182



Na Cu Zn Cd Pb

50 8 40 0,4 08
°
R2=0,773 2 R?=0,5595
a iy R?=0,8554 30 , R:=0,7452 03, R*=0,8456 06
R P I NN < A N R - °
I — e I, i § . |
4 B o 20 puc— g 02 e |04 [
20 3 °
Ao -3 |2 10 01 0,2 ° e
0 0 0 0 0
2022 2023 2024 2022 2023 2024 2022 2023 2024 2022 2023 2024 2022 2023 2024
Ca K Mg Mn
10000 8000 2500 4000
R?=0,5292
: R?=0,6061 2=
8000 o8 :1 6000 2000 R?=0,7051 3000 R*=0,7139 :
6000 Perd s 1500 o .
. 4000 o J— s 2000 g °
4000 1000 o
)
2000 2000 500 1000
0 0 0 0
2022 2023 2024 2022 2023 2024 2022 2023 2024 2022 2023 2024

Puc. 4. I3meHenne KOHIIEHTpAIlMK dJIeMeHTOB B JucThsix Chamaedaphne calyculata (mr/kr) 3a 3 roma Ha
MOCTIIMPOTrCHHBIX Y4aCTKax

Fig. 4. Trends in changes in the concentration of elements in leaves of Chamaedaphne calyculata (mg/kg) in in
post-pyrogenic sites

Ha ygactkax ©0J0T, HE MOCTpaaBIIMX OT OTHS, HO MPUJIETAIOIIMX K BBITOPEBIIMM, 3a TPU Tola
HaOIIO/ICHHsI HEe YBEMUYMBAIach KOHIIGHTpAIMs dJeMeHToB B nucThiax Ch. calyculata, Ho, kak u B Topde,
o0HapyXeHO TOHMKeHHe KoHueHTpauuu Zn, Pb u Cd, a xpome Toro, oOHapyXeH TpeHJ Ha CHH)KECHHE
ypoBHus conepxkanus Fe u Cu (Puc. 5).
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Puc. 5. I3MeHeHne KOHIIEHTpAIlMK dJieMeHTOB B JucThsix Chamaedaphne calyculata (mr/kr) 3a 3 roma Ha
YJacCTKax, MpUJICraromnx K BbITOPCBIINM

Fig. 5. Trends in changes in the concentration of elements in leaves of Chamaedaphne calyculata (mg/kg) in sites
adjacent to burnt areas

OBCYXJEHHME

UccnenoBanus, npoBeACHHBIE HaMH B TIIEpBbIe TOABI IIOCIE IOXapa, IIOKa3ajd, YTO Ha
MOCTIMPOreHHBIX YYacTKaxX B Pe3yJbTaTe BBIFOPAHUS PACTHTENBLHOCTH B BEPXHEM Clioe TOpda MpOU30ILIO
HAKOIIJICHHE 3JIEMEHTOB M AaKTUBHOE IMOTJIOIIEHHE HMX PACTEHHSIMH, YTO CIOCOOCTBOBAJIO OBICTPOMY
BOCCTaHOBJIEHUIO PACTUTEILHOCTH, B TEPBYIO Ouepenb KycrapHuukoBoro sipyca [Gashkova, Sinyutkina,
2025]. OOHapykeHHOE HAMH B JaHHOM HCCIECIOBAHUM M3MEHEHUE HJIEMEHTHOI'O COCTaBa BEPXHErO CIIOA
Topda B Impolecce BOCCTAHOBICHUs 00M0Ta 3aKOHOMEPHO, MOCKOJBKY BEPXHSS 4acTb TOP(SHON 3ajexu
HanboJee UYYyTKO pearupyer Ha MOCTIHPOreHHYI0 TpaHchopMauuio O0J0Ta, YTO OTMEYaloCh paHee
[Stepanova, Pokrovsky, 2011; Dymov et al., 2022]. IlocTniuporennoe cHmxeHue KoHueHTpanuu Zn, Pb u Cd
HAa TOPOTSHKEHWHM TpEX JIET CBHUJIETENBCTBYET O IIOCTCNICGHHOM  BBINIETAYMBAaHUM  3JIEMEHTOB,
MUHEPAIM30BAHHbIX ¥ KOHJICHCUPOBAHHBIX U3 YaCTHI] JbIMa BO BpeMs mnoxkapa [Gray, Dighton, 2006; Alves
et al., 2010]. Takoe cHUKEHHE TPOUCXOTUT OJarogapsi TOMy, YTO KUCIOTHOCTh TOp(a, CHU3MUBLIAACS MOCIIE
noXxkapa, B MOCJICAYIOIIUE TOIbl HAYMHACT MOBBIIIATECA B MPOLIECCE BOCCTAHOBJICHUS 00JIOTA, YBEIMYHBAs
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MOABMXKHOCTD TsDKENbIX MerayuioB [Lipatov et al., 2016; Colin et al.,, 2024]. Tlpu uccrieqoBaHUH IOYB
Mexaypeubs Ilypa m HanpimMa mccriemoBaTenmsMu ormedaercs Oojiee HHU3KOE COJIEp)KaHWE DIIEMEHTOB II0
cpaBHeHHI0O C TadxkHOW 30HOM [Romanenko et al., 2020]. Takoe coOOTHOIIEHHE COTJIACYyeTCS C
3a(pMKCUPOBAaHHBIMU HaMU HU3KHMH KoHIeHTparwmsivu P, Mg, Ca, Mn, Fe, Cu, Zn u Pb B noacrunaromieit
MOpo/Jie Ha y4acTKax OOJIOT B JIECOTYHIPE.

ConepxaHre 3JIE€MEHTOB B Top(de HampsIMyIO CBS3aHO C XMMHYECKHM COCTaBOM pPAacTEHUH, omaj
KOTOPBIX HAYMHAET BIUATh Ha OMOT€OXMMHUYECKYI0 OOCTaHOBKY IMOCTIIMPOTCHHBIX YYacTKOB, Onaromaps
Hayally BOCCTAHOBJICHUSI KYCTApHUYKOBOTO SIpyca, YK€ B MEepBBIA Toj mocie noxapa [Sinyutkina, Gashkova,
2025]. B nucThax pacTeHUi MOCTIIMPOTrEHHBIX YYacTKOB, Kak M B Top(de, Ha MPOTSHKEHUH TPEX JIET HAMU
oOHapyxeHo yBennueHue coxepkanus snemenToB Mg, K, Ca u Mn, xoropsie, kak oTMedeHo [Stavrova et
al., 2019], akTUBHO MOTJIOMIAIOTCS PAaCTEHUAMH U3 30JIbI B IIEPBBIE TOABI TTOocie noxapa. Kpome Toro, 301a u
OOyTJIGHHBIE OCTATKH B PE3YJIbTATE pa3pylIeHHs 00TOpEBIIETro APEBOCTOS MPOIOIDKAIOT MOCTYIATh B ITOYBY,
oboraimast e€ TaHHBIMH DJIEMEHTAMH Ha MPOTSHKEHWH HECKONBKUX JieT mocie moxkapa [UKraintsev et al.,
2016].

OTMmeueHHBIE HaMU JUIS BCEX YYacTKOB JIECOTYHIpHI Bbicokwe ypoBHH KK 0O0BSICHAIOTCS Kak
XapakTEepHBIMUA [UISl JAHHOIO PErMOHAa HU3KUMHU YPOBHSMH DJIEMEHTOB B TMOACTHJIAIONIEH MOpOAe
[Romanenko et al., 2020; Pechkin et al., 2021], Tak W a’pOreHHBIM 3arps3HEHHEM, CBS3aHHBIM C
NeSITETFHOCTRIO0 He()Tera3o00bIBAOIINX MPEANPUATHIA, YTO OTpPakKaeTcs Ha DIIEMEHTHOM CocTaBe Topda
[Voronova, Grebenyuk, 2018]. Bonee Boicokuii KK anementoB Ca, Fe, Cu, Zn u Pb Ha mOCTIHPOreHHBIX
Y4acTKax IO CPABHEHHIO C HEBBITOPEBUIMMU YKA3bIBAET HA TO, YTO MPOLECC BOCCTAHOBIECHUS 3JIEMEHTHOIO
coctaBa Topda emé He 3aKOHYMIICS; 10 MHEHHUIO HEKOTOPBIX aBTOPOB, TAKOH MPOIECC MOXKET 3aTSHYThCS Ha
HECKoJbKO necstrieruit [Leonard et al., 2017; Mergelov, 2015].

3AKIIIOYEHHME

B pesynbraTte mpoBea€HHOTO HCCIEIOBAaHUS OOHAPYXKEHO, YTO CHYCTs 6-8 JieT mociie moXkapa Ha
MOCTIHMPOreHHBIX W MPWIETAIONMX K HUM YydYacTKax OOJOT NpPONODKAIOT IMPOMCXOAUTH IPOLECCHI
BOCCTAHOBJIEHHS. ~ YCTaHOBJIEHO, 4YTO  HWHAMKAaTOPOM  BOCCTAHOBJICHHSI  DJIEMEHTHOIO  COCTaBa
MOCTIIMPOr€HHBIX BEPXOBBIX OOJOT MOTYT CIYXHTh KOHLIEHTpanuu snemeHToB Zn, Pb u Cd B Topde n
JUCTBAX KyCTapHUYKOB. BOCCTaHOBIEGHHE BIIEMEHTHOIO COCTaBa MPOSBISIETCS TJABHBIM 00pasoM B
CHIKCHUHU COACPKaHMs JAaHHBIX SJIEMEHTOB HA MPOTSHKEHUH TPEX JIET KaK Ha MOCTIHMPOrCHHBIX, TaK U Ha
npujeraromux K HUM ydactkax. KoadduuuenTsl koHUEHTpauuu Topda OTHOCHTEIBHO MOJCTUIIAIOLICH
MOPOABI OTPaXKalOT OCTATOYHOE BIJIMSHHUE IMOCTIUPOTEHHBIX W3MEHEHUH M pPErnoHalbHbIE OCOOCHHOCTH
y4dacTkoB. Ha ocHOBaHMHU CpaBHEHHS 3JIEMEHTHOTO cocTaBa Topda MOXHO CKa3aTh, YTO MEICHHEE IPYTUX
BOCCTaHABIMBACTCA IIOCIE TMOXapa OO0JIOTO, HCIBITHIBAIONIEe HAMOONBIINI aHTPONOreHHBIH IIpecc.
PernonanbHble 0COOGHHOCTH BBIPAXKAIOTCSI B HU3KOM COJEPKaHHM SJIEMEHTOB B IMOJACTHUJIAIOIICH MOPOJE
00I10T, pacIOJIOKEHHBIX B JIECOTYHIPOBOW 30HE, 10 CPABHEHUIO C TA&KHBIMH.

BJIIATOZAPHOCTHU

HccnenoBanue BRIIONHEHO 3a cyeT rpanTa Poccuiickoro HayuHoro ¢gonaa, mpoekt Ne 22-77-10024.

[MPUJIOXKEHUE / APPENDIX

Taoauna I11. Cpegree copepxanne 3JIEMEHTOB B MOJCTHIIAIONIEH mopoae (MI/kT, n=18) 1 ko3 puImeHTsI
koHnentpauuu (KK)
Table IT1. Average content of elements in the underlying rock (mg/kg, n=18) and concentration coefficients (KK)

Yuacrok | Na Mg P K Ca Mn Fe Cu Zn |Cd Pb
BB 6242 | 2965 | 418 | 9826 | 5069 | 258 | 17337 25 59| 0.19| 17.4
SD 430 91 53 266 | 427 10 352 6 7| 0.04 1.4
KK 0.03 | 0.14 |0.70 |0.08 |0.11 | 0.24 | 0.05 0.1 |0.39]0.89 |0.24
BF 6652 | 3650 | 409 | 9330 | 4535 | 292 | 22172 27 78| 0.17| 15.9
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Ta6auua I11. ITponomkenue.

Table IT1. Continuation.

Yuacrok | Na Mg P K Ca Mn Fe Cu Zn | Cd Pb

SD 641 | 117 16 294 | 323 4 671 2 3| 0.01 1.6
KK 0.06 [0.16 [0.66 |[0.10 |0.48 |0.65 |0.08 0.21 | 0.34 | 1.34 |0.52
UBB 7058 | 2538 | 415 | 9297 | 5620 | 167 | 16175 29 63| 0.37| 19.4
SD 261 70 31 269 48 11 552 3 3| 0.03 1.2
KK 0.04 |0.20 | 0.74 |0.10 |0.29 | 0.37 |0.07 0.14 | 0.36 | 0.84 | 0.31
UBF 6505 | 2942 | 506 | 10595 | 4076 | 168 | 18691 29 65| 0.01| 16.7
SD 485 | 107 38 128 | 826 13 302 2 1] 0.05 0.6
KK 0.08 [0.17 [0.90 [0.08 |0.71 |1.02 |0.09 0.19 |0.70 | 0.57 | 1.15
PB 5802 | 1081 | 147 | 9530 | 699 | 116 | 9096 9 26 | 0.07 7.9
SD 694 18 29 126 34 2 870 1] 04| 001 0.6
KK 0.05 | 068 | 287 |0.11 |274 |059 |0.28 0.61 |1.20 | 3.86 | 0.72
PF 6531 | 1488 | 159 | 9544 | 2401 | 121 | 8510 9 23| 0.10 9.8
SD 160 38 28 271 | 385 3 376 0.1 5| 0.01 0.1
KK 0.05 [0.62 [4.04 [0.09 |1.13 |1.19 |0.72 0.76 | 1.40 | 1.69 | 0.90

IHpumeuanue: Kupnoim wpugpmom ommeuenvt 3uauenuss KK na nocmnupocennvix yuacmkax,

OOCI’I’IOB‘EPHO npesslitarouue KK na yuacmikax moeo ance 60]107’}1(1, npujiecaruux K 6blcopesuiium.

Ta6umuua I12. CpenHee conepikanue SIEMEHTOB B BepxHeM ciioe Topda (mr/kr, N=18)
Table IT2. Average content of elements in the upper peat layer (mg/kg, n=18)

YuacTok Na Mg P K Ca Mn Fe Cu Zn Cd Pb
BB 255 471 275 859 1340 100 1019 4 26 0.19 4.63
SD 39 46 107 231 248 68 353 1 9 0.03 0.91
BF 418 588 267 931 2159 191 1768 6 26 0.22 8.23
SD 57 6 34 97 130 45 423 1 4 0.04 1.50
UBB 280 505 306 940 1629 58 1158 4 22 0.30 5.90
SD 57 44 28 223 810 25 223 0.4 4 0.12 0.98
UBF 518 511 450 884 2827 170 1727 5 46 0.26 19.20
SD 79 61 57 105 59 23 662 1 12 0.02 5.16
PB 308 735 406 1058 1895 68 2513 5 31 0.28 5.70
sSD 37 103 119 94 502 27 705 1 4 0.01 0.90
PF 343 927 621 877 2637 145 6123 7 33 0.16 8.80
SD 12 51 141 81 311 31 1382 1 11 0.00 0.66
Taosuua I13. Cpennee conepskanue snementoB B auctbix Chamaedaphne calyculata (mr/kr, n=18)
Table IT3. Average elemental content in Chamaedaphne calyculata leaves (mg/kg, n=18)

YuyacTok Na Mg P K Ca Mn Fe Cu Zn Cd Pb
BB 22 1101 660 3938 5680 1919 141 5 15 0.07 0.22
SD 10 145 53 573 2075 146 84 3 2 0.03 0.08
BF 35 1241 754 3823 7396 2548 84 4 20 0.22 0.49
sSD 8 53 136 95 834 691 7 1 2 0.01 0.09
UBB 41 1747 963 3884 6955 927 77 6 17 0.12 0.29
SD 2 125 129 386 439 29 11 2 3 0.05 0.07
UBF 14 1338 985 3662 7573 2147 119 4 23 0.22 0.21
SD 3 113 92 32 319 203 42 1 4 0.05 0.04
PB 21 1322 874 4137 6022 1007 67 3 17 0.08 0.24
SD 8 139 101 807 397 245 8 0.4 1 0.01 0.19
PF 25 1582 886 4481 6207 1180 72 5 23 0.23 0.19
SD 7 9 47 408 1235 168 15 1 4 0.04 0.01

185



JINTEPATYPA

Alves C.A., Gongalves C., Pio C.A., Mirante F., Caseiro A., Tarelho L., Freitas M.C., Viegas, D.X. 2010. Smoke emissions
from biomass burning in a Mediterranean shrubland. Atmospheric Environment, 44(25): 3024-3033. DOI:
10.1016/j.atmosenv.2010.05.010

Belkova T.A., Perminov V.A., Alekseev N.A. 2016. Review of eoological and economic impacts of peat fires. XXI century.
Technosphere safety.; 1(3): 35-44 (In Russian). [BemskoBa T.A., IlepmunoB B.A., Anekcees H.A. 2016. O6G30p skomoro-
9KOHOMHYECKHUX mocnencTBuit Topdsiabix noskapos // XXI Bek. TexHocdephas 6e3onacHocTs. Ne 3. C. 35-44.]

Colin P.R. McCarter C.P.R., Clay G.D., Wilkinson S.L., Sigmund G., Davidson S.J., Taufik M., Page S., Shuttleworth E.L.,
McLagan D., Chenier G., Clark A., Waddington J.M. 2024. Peat fires and legacy toxic metal release: An integrative biogeochemical
and ecohydrological conceptual framework. Earth-Science Reviews, 256: 04867. DOI: 10.1016/j.earscirev.2024.104867

Dymov A.A., Gorbach N.M., Goncharova N.N., Karpenko L.V., Gabov D.N., Kutyavin I.N., V Startsev.V., Mazur A.S.,
Grodnitskaya I.D. 2022. Holocene and recent fires influence on soil organic matter, microbiological and physico-chemical properties
of peats in the European North-East of Russia. Catena, 217: 106449. DOI: 10.1016/j.catena.2022.106449.

Efremova T.T., Efremov S.P., Onuchin A.A. Kutsenogii K.P., Peresedov V.F. 2003. Biogeochemistry of Fe, Mn, Cr, Ni, Co,
Ti, V, Mo, Ta, W, and U in a low moor peat deposit of the Ob-Tom' interfluve. Eurasian Soil Science. 36(5):501-510.

Gajendiran K., Kandasamy S., Narayanan M. 2024. Influences of wildfire on the forest ecosystem and climate change: A
comprehensive study. Environmental Research, 240(2): 117537. DOI: 10.1016/j.envres.2023.117537

Gashkova L.P. 2022. Influence of fire on the distribution of elements in the peat deposit of the bog. Geosphere Research, 1:
118-125. DOI: 10.17223/25421379/22/9

Gashkova L.P., Sinyutkina A.A. 2025. Assessment of post-fire transformation of element uptake by plants in bogs in the
taiga and forest-tundra zones of Western Siberia. Bulletin of the Tomsk Polytechnic University. Geo Assets Engineering, 336(9): 227-
238. DOI: 10.18799/24131830/2025/9/4924

Granged A.J.P., Zavala L.M., Jordan A., Bércenas-Moreno G. 2011. Post-fire evolution of soil properties and vegetation
cover in a Mediterranean heathland after experimental burning: A 3-year study. Geoderma, 164(1-2): 85-94. DOI:
10.1016/j.geoderma.2011.05.017

Gray D.M., Dighton J. 2006. Mineralization of forest litter nutrients by heat and combustion. Soil Biology and Biochemistry,
38(6): 1469-1477. DOI: 10.1016/j.s0ilbi0.2005.11.003

Hall G.E.M. 1992. Inductively coupled plasma mass spectrometry in geoanalysis. Journal of Geochemical Exploration, 44(1-
3): 201-249. DOI: 10.1016/0375-6742(92)90051-9.

Kala C.P. 2023. Environmental and socioeconomic impacts of forest fires: A call for multilateral cooperation and
management interventions. Natural Hazards Research, 3(2): 286-294. DOI: 10.1016/j.nhres.2023.04.003

Karavaeva N.A. 1973. Soils of the taiga of Western Siberia. Nauka, Moscow, 168 p. (In Russian). [Kapasaecsa H.A. 1973.
[oussl Taiirn 3ananHoit Cubupu. Mocksa, Hayka. 168 c.]

Kuzmina D., Lim A.G., Loiko S.V., Pokrovsky O.S. 2022. Experimental assessment of tundra fire impact on element export
and storage in permafrost peatlands. Science of The Total Environment, 853: 158701. DOI:10.1016/j.scitotenv.2022.158701

Leonard J.M., Magafia H.A., Bangert R.K., Neary D.G., Montgomery W.L. 2017. Fire and Floods: The Recovery of
Headwater Stream Systems Following High-Severity Wildfire. Fire Ecology, 13: 62-84. DOI: 10.4996/fireecology.130306284

Li G.,, Sun L., Ji S, Li X, Cong J.,, Han D., Wang G., Gao C. 2025. Low-severity fire promote carbon emissions in
permafrost peatlands of the Great Khingan Mountains, Northeast China. Catena, 252: 108870. DOI: 10.1016/j.catena.2025.108870

Lipatov D.N., Shcheglov A.l., Manakhov D.V., Brekhov P.T. 2016. Spatial heterogeneity in the properties of high-moor peat
soils under local pyrogenesis in northeastern Sakhalin. Eurasian Soil Science, 2016. 49(2): 238-250. DOI:
10.7868/S0032180X16020076

Mergelov N.S. 2015. Post-pirogenic Transformation of Soils and Soil Carbon Stocks in Sub-Tundra Woodlands of Kolyma
Lowland: a Cascading Effect and Feedbacks. Izvestiya Rossiiskoi Akademii Nauk. Seriya Geograficheskaya, (3): 129-140 (In
Russian). [Meprenos H.C. 2015. TTocrruporennast TpanchopMarusi MOYB W 3alacoB MOYBEHHOrO Yriepoia B MPEATYHIPOBBIX
penkonecbsx KonbIMckoi HU3MEHHOCTH: Kackaaubiid ekt n obpatusie cBszu // M3Bectus Poccuiickoit akagemun Hayk. Cepust
reorpagpuyeckas. Ne 3. C. 129-140.] DOI: 10.15356/0373-2444-2015-3-129-140

Ortiz-Rodriguez A.J., Mufioz-Robles C., Borselli L. 2019. Changes in connectivity and hydrological efficiency following
wildland fires in Sierra Madre Oriental, Mexico. Science of The Total Environment, 655: 112-128. DOI:
10.1016/j.scitotenv.2018.11.236

Pechkin A.S., Shinkaruk E.V., Pechkina Yu.A., Krasnenko A.S., Kolesnikov R.A. 2021. Content of heavy metals and
metalloids in pyrogenic northern taiga soils of the Nadym-Pur-Taz interfluve. Scientific Bulletin of the Yamal-Nenets Autonomous
District, 111(2): 112-123 (In Russian). [[Teukun A.C., Illunkapyk E.B., [Teukuna 10.A., Kpacuernko A.C., Konecuukos P.A. 2021.
CopnepxaHue TsDKETBIX METAUIOB W METAJUIONIOB B MHPOTCHHBIX ceBepoTackHbIX nmouBax HameiM-Ilyp-TazoBckoro mexmypeuns //
Hayunbriii Becthuk SImano-Henenkoro asronomuoro okpyra. T. 111 Ne 2. C. 112-123.] DOI: 10.26110/ARCTIC.2021.111.2.008

Romanenko E.A., Moskovchenko D.V., Kudryavtsev A A., Shigabaeva G.N. 2020. Mobile forms of metals in soils in the
Nadym-Pur interfluve (Western Siberia). Bulletin of Nizhnevartovsk State University, 2: 136-145(In Russian). [Pomanenko E.A.,
MockoBuenko JI.B., Kympssues A.A., Illurabaesa I'.H. 2020. ITomsmwxkubie ¢opmbl MerawioB B mouBax Hampim-ITypoBckoro
Mmexaypeubst (3amananas Cubups) / Becrnuk HikHeBapTOBCKOTrO rocymapcrBeHHoro yuusepeutera. Ne 2. C. 136-145] DOI:
10.36906/2311-4444/20-2/18

Rybina T. A., Bazanov V. A,, Golubina O. A., Sergeeva M. A. 2015. Studying the active layer of oligotrophic bogs in the
Taiga zone of Western Siberia. International Journal of Environmental Studies, 72(3): 448-455. DOl:
10.1080/00207233.2015.1027588

186



Sinyutkina A.A., Gashkova L.P., Kharanzhevskaya Yu.A. 2024. Pyrogenic changes of bog vegetation and peat in Western
Siberia. Lomonosov Geography Journal. 1: 78-88 (In Russian). [Cuntorkuna A.A., TamkoBa JLIL., Xapamxkesckas [O.A.
[MuporeHnoe u3MeHeHHe OOIOTHOM pacTuTenbHOCTU U Topda B 3anaanoii Cubupu // Bectauk MockoBckoro yausepcutera. Cep. 5.
Teorpadus. 2024. T. 79. Ne 1. C. 78-88]. DOI: 10.55959/MSU0579-9414.5.79.1.6

Sinyutkina A.A., Gashkova L.P. 2025. Assessment of Post-Fire Vegetation Dynamics in a Raised Bog (Western Siberia)
Based on Landsat Satellite Data. Regional Geosystems, 49(1), 112-127 (In Russian). [Cunrorkuna A.A., Tamkosa JL.IT. 2025.
OreHKa MOCTIIMPOTEHHOW AMHAMHKH PACTUTEIBHOCTH BepxoBoro Oonora (3amamHas CuOHMph) Ha OCHOBE CITYyTHHKOBBIX JAHHBIX
Landsat // Peruonansusie reocuctemsl, 49, Ne 1. C. 112-127.] DOI: 10.52575/2712-7443-2025-49-1-112-127

Stavrova N.l., Kalimova I.B., Gorshkov V.V., Drozdova L.V., Alekseeva-Popova N.V., Bakkal I.Yu. 2019. Long-Term
Postfire Changes of Soil Characteristics in Dark Coniferous Forests of the European North. Eurasian Soil Science. 52(2): 218-227.
DOI: 10.1134/S1064229319020133

Stepanova V.A., Pokrovsky O.S. 2011. Macroelements composition of raised bogs peat in the middle taiga of Western
Siberia (the bogs complex Mukhrino). Tomsk State University Journal, 352: 211-214 (In Russian). [CrenanoBa B.A., [TokpoBckuii
0O.C. 2011. MakposneMeHTHbIH coctaB TOpda BBIMYKIBIX BEPXOBBIX O0NOT cpemreidt Taiirn 3amamHoit Cubupum (Ha mpumepe
6osoTHOrO KoMILIekca «MyxpuHoy // Bectark ToMckoro rocyaapersensoro yausepeurera. Ne 352. C. 211-214].

Ukraintsev A.V., Plyusnin A.M., Zhambalova D.I. 2016. Using the chemical composition of snow to assess the long-term
impact of forest fires on the ecological state of territories. Proceedings of Voronezh State University. Series: Geography.
Geoecology, 2: 56-62. (In Russian) [Vkpaunues A.B., Ilmroceun A.M., XXambanosa .M. 2016. Mcrons30BaHnEe XUMHYECKOTO
COCTaBa CHera JJIsl OLIEHKH JOJITOCPOYHOrO BIIUSIHUS JISCHBIX MOXKAPOB HA YKOIOTMYECKOe COCTOsiHKMe Teppuropuii // Becthuk BI'Y,
cepusi: [eorpadust. reoskomnorust, Ne 2. C. 56-62.]

Voronova L.V., Grebenyuk G.N. 2018. Engineering and geocryologic conditions of the Harampur oil-gas condensate field
Pur-Tazovsky of entre rios. Geology, Geography and Global Energy, 2 (69): 48-57 (In Russian). [Boponosa 1.B., I'pe6enrok I'.H.
2018. HmKeHepHO-T€OKPHOIOTHYECKUE YCIOBHsL XapaMITypcKoro He(Tera3okoHAEHCATHOro MectopokaeHus Ilyp-TasoBckoro
Mmexypedbs // Teonorus, reorpadus u riobanbHas sHeprust. Ne 2(69). C. 48-57.]

Wu Y., Zhang N., Slater G., Waddington J.M., Lannoy Ch.F. 2020. Hydrophobicity of peat soils: Characterization of organic
compound changes associated with heat-induced water repellency. Science of The Total Environment, 714: 136444. DOI:
10.1016/j.scitotenv.2019.136444.

Iocrymuna B pepakimio: 16.10.2025
[lepepaborannsiii Bapuant: 04.12.2025
[punsto B mevats: 05.12.2025
Ony6mukosana: 17.12.2025

187



